Ni"L H 2 0 (20 mL) was placed into a two-neck round-bottom flask equipped with a magnetic stirbar. Methyl-CoMIS (0.800 mM) was added under a heavy flow of argon and the flask connected to a gas-uptake manometer.I6 Methane was identified as the sole carbon-containing gas phase product by GC, IR, and MS analysis,17 and the extent of product formation was assayed either by the gas-uptake manometer or by the integration of the methyl and ethylene 'H NMR signals of the methyl-CoM and CoM containing final reaction mixture.I8 One equivalent of methylCoM per equivalent of Ni"L forms 0.60 f 0.04 equiv of CoM and 0.20 f 0.02 equiv of 2,2'-dithiobis(ethanesulfonic acid), CoM disulfide.1s As the reaction proceeds, the green solution containing Ni"L and methyl-CoM becomes brown with an UV-visible spectrum identical with that of Ni"L titrated with CoM ( Figure  l) .I9 Since the reaction continues until 1.2 f 0.1 equiv of methyl-CoM is consumed, it is evident the formation of Ni-CoM prevents additional conversion of methyl-CoM. The fact that no methane is produced when methyl-CoM is added to a solution containing an equimolar amount of Ni"L and CoM supports this conclusion.
The magnetic susceptibility of the reaction mixture was measured by the Evans method.20 Ni"L ( p = 2.60 pB) and methyl-CoM were placed in a concentric NMR tube and sealed under argon. As 1 equiv of methyl-CoM was consumed during the reaction, the magnetic susceptibility slowly increased to a final value of 2.74 pB. This small increase in the magnetic moment is attributed to the formation of Ni"(L)(CoM).I9 When the reaction is run under 02, the magnetic moment per nickel increased from 2.99 to 3.17 pB. 20 We do not believe that Ni'L is required for methane evolution for the following reasons. In the presence of an 8:l excess of substrate to Ni"L at 21.5 f 1 OC the initial rate is (1.94 f 0.14) X (mol of CHI) (mol of Ni)-I h-I under 1 atm of argon and (2.24 f 0.16) X (mol of CHI) (mol of Ni)-l h-I under 1 atm of 02.21 It is expected that O2 would inhibit the formation of (1) Wolfe CHI, 3000 cm-'; CDH,, 2950 cm-'. (18) After a reaction was complete, the solution was freeze-dried and reconstituted with D20. 'H NMR integration of CoM and methyl-CoM was within *4% of the yield of methane gas evolution calculated according to step 6. No carbon-containing side products were observed in the GC, GC-MS, 'H NMR, or FT-IR measurements in either the gas or the solution phase. The background O2 concentration observed in the GC-MS spectrum of the gas-phase products introduced significant Inorganic Chemistry, Vol. 27, No. 14, 1988 2397 flask contains only methyl-CoM and H 2 0 . This result suggests the formation of O2 occurs during the catalysis of methyl-coenzyme M by Ni"L. A reaction sequence for the Ni"L-induced cleavage of methyl-CoM is
Steps 1-5 are a set of balanced equations that represent the catalysis of methyl-CoM to CHI and CoM disulfide.27 There are two reasons we believe only about 1.2 mol of methyl-CoM is consumed per mole of NiI'L: (a) the oxidant, 02, escapes from solution, resulting in incomplete formation of the disulfide in step 5 , and (b) the binding constant
The addition of Iz oxidizes free CoM to CoM disulfide according to step 7 , and the reduced concentration of CoM drives the equilibrium in step 4 to the left, generating,free Ni"L. When
an aqueous solution of the brown Ni-CoM complex is shaken with hexane containing 12,28 the solution turns green and has the same UV-visible spectrum as Ni"L (Figure 1 ). After the organic layer is removed, the remaining green solution evolves methane from freshly added methyl-CoM at the same rate as for fresh Ni"L.
A mechanism has been proposed12 for methyl-coenzyme M reductase where Ni11F430 is first reduced to Ni1F430, which homolytically cleaves methyl-CoM to produce m e t h~l -N i ' F ,~~ followed by the protonation of m e t h~l -N i ' F ,~~ to yield CH, and Ni11F430. The final protonation step is consistent with the hydrolysis of highly air-sensitive alkyl-Ni' tetraaza macr0cyc1es.l~ The recent discovery of a heterodisulfide derived from CoM and (7-mercaptoheptanoy1)threonine phosphate (HS-HTP) formed during methanogene~is~~ was predicted by this mechanism. CoM disulfide is also observed in the model system. In addition, we have found that the reactivity of Ni"L does not typify nickel(I1) chemistry. Aqueous solutions of nickel (I1) a highly air-sensitive Ni1LI3 species. In addition, the initial rate of CHI evolution by a prepared of Ni'L is only (1.80 f 0.13) X (mol of CH4) (mol of Ni)-l h-l, although 1.8 f 0.1 equiv of methyl-CoM is converted.
Under H2 (4 atm),24 Ni"L converts methyl-CoM to methane at a rate similar to that for Ar (1 atm). Under D2 (4 atm) the sole carbon-containing product observed in the gas phase by IR and MS is CH,, which indicates that H 2 0 is the source of the hydrogen incorporated into methyl-CoM. The absence of methanol or ethane in the gas phase1* indicates that the H3C-S bond is cleaved heterolytically. Solvent protonation of the methyl group is confirmed by the formation of 92 f 3% CH3D from a reaction mixture containing H 2 / D 2 0 (98%).25 In D 2 0 (98%) the rate is (2.00 f 0.1 1) X (mol of CDH3) (mol of Nil-] h-l, indicating no kinetic 2H isotope effect. Analogous experiments with methanogenic bacteria demonstrate methyl-CoM incorporates solvent hydrogen to form methane.26
The evolution of dioxygen is indicated by the following qualitative test. Two flasks, one containing the O2 indicator [Cp,TiCl] ,ZnCl (Cp = cyclopentadienyl) in toluene, the other containing the standard reaction mixture, are connected in order to allow the diffusion of gaseous products. As the reaction proceeds, the blue-green reduced titanium solution becomes orange. The indicator remains unchanged in a blank, where the second We recently reported, syntheses of alkali-metal (Li, Na, K) salts of the tetradecahydroundecaborate( 1-) ion, [BllHI4]-, via a convenient, "one-pot", essentially quantitative procedure from the reaction of pentaborane(9), B5H9, with M H (M = Na, K) or (t-Bu)Li. In light of this new synthesis an investigation into the chemistry of [BllHI4]-was begun. Reported, herein, is the preparation of nido-undecaborane( 15), B, ,HI5 from the protonation of K [Bl, H14] and the subsequent deprotonation of BllHIS by P(CH3)3 to give [P(CH,),H] [Bl1Hl4], the structure of which has been determined from single-crystal X-ray data.
Protonation of NaB, IH14~2.5C4H80z in C4H80z has been reportedZ to produce BIIH15.2C4H802 and in S(CH3)2 to produce BllH13-S(CH3)z with the evolution of Hz gas. We find that the reaction of K[BIIHI4] with anhydrous HCl at -78 "C gives undecaborane(l5), Bl1HI5, in quantitative yield according to eq 1.
In a typical preparation, K[BIIHI4] (125 mg, 0.725 mmol) was treated with excess HCl (25 mmol) at -78 "C for 12 h. No noncondensible gas was produced. The excess HC1 was pumped away from the reactor at -78 "C over a period of 12 h. On the basis of the amount of recovered HCl (24.3 mmol), 0.7 mmol of HCl was consumed, indicating a 1:l reactant ratio of HCI to K[BIIH14]. Toluene-d8 (0.7 mL) was condensed onto the product, and the resulting solution was filtered at low temperature into an N M R tube. The solid remaining on the frit was washed with tetrahydrofuran and identified as KCl by powder X-ray diffraction. Undecaborane(l5) is not stable above 0 "C. In the solid state or in solution it decomposes with the evolution of about 0. at 0.00 ppm), which upon proton decoupling become singlets with relative areas of 6 5 , respectively. This is consistent with a boron framework based upon an icosahedron with one vertex removed if it is assumed that the resonance due to the unique boron atom overlaps with the low-field signal that arises from one of the sets of five equivalent boron atoms. The proton NMR spectrum (300 MHz), with IlB decoupling, in toluene-d8 at -80 "C consists of two resonances in the terminal region at 2.43 and 1.29 ppm and only one resonance in the bridge hydrogen region at -3.53 ppm. The resonance due to the hydrogen atom on the unique boron atom was not observed and is believed to overlap the higher field terminal signal arising from one of the sets of five equivalent terminal hydrogen atoms. This is supported by the relative areas of the 
